Host--pathogen interaction in any pathogenesis is a tug of war, where the disease outcome depends upon how effectively the pathogen counters the host defense mechanism. Viruses are Nature's smartest of organisms that have evolved astonishing counter-defense strategies. This is quite evident from the fact that within a matter of a few months, the SARS-CoV-2 has held the entire world hostage with more than 10 million infections and 5.2 lakh casualties. Each passing day, we are getting new insights about its etiology, but here we will focus on its smart counter-defense capability of encoding RNA interference (RNAi) suppressor. The immune system of an organism plays a vital role in protection both through innate and adaptive immunity. The diversity of non-self-recognition molecules in innate immunity is germline encoded and provides non-specific protection against pathogens, whereas the adaptive immunity is a product of somatic diversification and selective clonal expression and is entirely pathogen specific. The innate immune defense includes: (1) physical obstructions like epithelial barriers; (2) production of antimicrobial serum proteins such as complement; (3) natural antibodies produced by B1 lymphocytes; (4) the phagocytic activities of cells such as neutrophils, macrophages, and dendritic cells; (5) natural killer (NK) cells that can lyse virus-infected cells; (6) various cell types present at sites of virus invasion, possessing receptors to recognize and quickly respond to invading viruses employing transcriptional activation leading to a wide variety of protective molecules, and the interferon (IFN) system plays the lead role of such antiviral resistance; (7) apoptosis, a process of programmed cell death that can eliminate virus-infected cells (MacLachlan and Dubovi [@CR12]). The adaptive immunity, on the other hand, can be subdivided further into two major types depending on mode of induction of immune response: the humoral one based on immunoglobulin (Ig) secreted by B lymphocytes, and the other one being T-cell-based immune system, which generates the histocompatibility complex (MHC)--restricted antigen that are presented to the T cell receptor (TCR) on T lymphocytes (Yuan *et al.*[@CR20]). Antiviral immunity is also provided by many antiviral cellular proteins like ZAP, which binds specifically at the CpG dinucleotide and recruits other proteins to degrade the viral RNA genome (Xia [@CR19]). It is interesting to note that many RNA viruses including SARS-CoV-2 have evolved to have CpG deficiency in order to avoid action of such antiviral proteins. In addition, there is a panorama of peptides derived from animal venom that can serve as antiviral agents (da Mata *et al.*[@CR4]). Beside these, eukaryotic cells have evolved another interesting line of defense against viral attack, namely RNAi mechanism which helps generate silencing RNAs called small interfering RNA (siRNAs) from all over the viral genome (v-siRNAs) that in turn incapacitate the viral transcripts. This mechanism is very vital, especially considering that the immune system can be breached by smart viruses pretty easily that are infecting the host for the first time. Ironically, viruses have also co-evolved to encode special suppressor activity in their proteins with an aim to foil the efforts of RNAi-mediated host defense. The disease outcome, thus, is the balance between these two opposing forces, namely the host RNAi factors and the counter defending viral RNAi-suppressors. This general dogma has been validated in almost all plant viruses. But the story is different for animal viruses. For long, it was held that the animal viruses are not subject directly to RNAi-mediated destruction. This notion persisted even though that many viruses, including HIV, Ebola, etc., were found to encode RNAi-suppressors. We at ICGEB, New Delhi, showed that RNAi-suppressors are encoded by SARS-7a (Karjee *et al.*[@CR8]), Dengue-NS4B (Kakumani *et al.*[@CR7]), HBV-X (Chinnappan *et al.*[@CR2]; Ghosh *et al.*[@CR5]) ORFs. The missing component of the puzzle was the demonstration of v-siRNAs from the animal viral genome. Parameswaran *et al*. ([@CR16]) first demonstrated generation of v-siRNAs in suitable cell lines. However, in initial experimental evidences the titre of v-siRNAs was very low and these v-siRNAs were uncharacterized. The convincing breakthrough appeared in reports that occurred between years of 2013 and 2017 (Jailani and Mukherjee [@CR6]; Maillard *et al.*[@CR13]). In one such study, Li *et al.* ([@CR11]) detected v-siRNAs in mammalian cells and young mice which were challenged with the Nodamura virus. This virus encodes a strong RNAi-suppressor called B2, and high accumulation of v-siRNAs occurred in the absence of the B2 suppressor. Similar studies were reported later in many animal viruses (Jailani and Mukherjee [@CR6]; Maillard *et al.*[@CR13]). These v-siRNAs were dicer dependent, loaded correctly in AGO2 complexes to slice the homologous viral transcripts. The difficulties in detecting animal viral v-siRNAs were compounded by the interferon systems present in animal cells (Maillard *et al.*[@CR13]). Thus, there is a uniformity of antiviral RNAi activities across the kingdoms. However, system-specific uniqueness is always there. In all of these cases of disease induction, contributions of microRNAs have been left out of the equations for the sake of simplicity. How do the RNAi-suppressors help the viruses? The mutant viruses lacking the suppressors are toothless in terms of their survival and disease inductions (Maillard *et al.*[@CR13], Sanan-Mishra *et al.*[@CR17]). In case of plants, the suppressors alone can cause disease symptoms in the absence of virus when expressed ectopically in plant tissues. Hence, the suppressor proteins encoded by the viral genome are regarded as the pathogenic factors (Sanan-Mishra *et al.*[@CR17]). The viral suppressors do not have any recognizable general motif in them and act at various steps of RNAi-activities, biochemically (Sanan-Mishra *et al.*[@CR17]). In the last few months, pandemics of COVID-19 have been observed all over the globe in a very devastating manner. Thus, the obvious question that comes up whether the SARS-CoV-2 codes for any RNAi-suppressor.

The SARS-CoV virus has been reported to encode for RNAi suppressor -- in fact, not one but two different suppressors till date. The first reported RNAi suppressor from SARS-CoV was reported by our group in 2010, when we identified SARS-7a protein as the suppressor protein (Karjee *et al.*[@CR8]). As RNAi suppressor are known to act across kingdoms, the initial demonstration of suppression activity was carried out in a model plant system with the GFP reporter-based reversal of silencing assay and replication-based spot assay (figure [1](#Fig1){ref-type="fig"}A and B). The strength of SARS-7a suppression activity was comparable to established strong RNAi suppressor of plant viral origin, namely *Mungbean yellow mosaic India virus* (MYMIV)-AC2 and an insect viral origin *Flock house virus* (FHV)-B2. The suppression activity was further validated in mammalian cell system with reversal of silencing assay (figure [1](#Fig1){ref-type="fig"}A) as well as replication enhancement assay of Tat-mutated (RNAi suppressor of HIV) HIV-1 replicon in HEK293T and SARS-CoV-permissive human lung epithelial cell line A549 (figure [1](#Fig1){ref-type="fig"}B). This suggests that SARS-CoV-7a protein is a strong RNAi suppressor, implicating its role in the pathogenicity of the virus.Figure 1Cartoon representation of RNAi suppression activity through (**A**) Reversal of Silencing assay and (**B**) Replication based spot assay.

The amino acid sequence of SARS-7a protein does not exhibit any significant similarity to any other viral or non-viral proteins but has been conserved in all SARS-CoV species (Li *et al.*[@CR10]). The sequence homology of 7a protein of SARS-CoV and SARS-CoV-2 is also found to be very high, i.e. about 90%, as determined by NCBI blast result. Hence, we suggest that the SARS-CoV-2-7a protein might have RNAi suppression activity as well, although it needs to be validated experimentally.

The sequence analysis of ORF 7a indicates it as a type I transmembrane protein composed of 122 amino acids residues with 15-residue N-terminal signal peptide, 81-residue-long luminal domain, a 21-residue-long transmembrane segment, and a 5-residue cytoplasmic tail. The experimental domain analysis for the RNAi suppression activity of the SARS-CoV-7a protein showed that the central domain with the smallest fragment studied from aa 32 → 89 exhibited RNAi suppression activity (Karjee *et al.*[@CR8]) and this domain is also highly conserved in SARS-CoV-2. Interestingly, this fragment overlaps the 'luminal' domain of the 7a that shows topology similarity with the members of the immunoglobulin superfamily as revealed in the resolved crystal structure of the 7a protein (Nelson *et al.*[@CR15]). The localization studies on 7a reveal that it is present intracellularly, primarily with endoplasmic reticulum and Golgi compartments. It is noteworthy that the positive-stranded SARS-CoV genome replicates through dsRNA intermediate that has also been found to be localized in ER and Golgi complex (Knoops *et al.*[@CR9]). The unprotected and uncomplexed dsRNA has been the major trigger for the induction of RNAi to generate viral specific siRNAs. Interestingly, the rough endoplasmic reticulum is also known to be central nucleation site of siRNA-mediated RNA silencing (Stalder *et al.*[@CR18]). Thus, the localization of 7a in ER and Golgi complex might be coupled to its function of RNAi suppression activity. However, the detailed mechanism for its RNAi suppression is yet to be decoded.

Many of the highly pathogenic viruses encode for more than one RNAi suppressor and probably SARS is no exception. The second SARS-encoded RNAi suppressor that has been experimentally validated is nucleocapsid (N) protein. The RNAi suppression activity of N-protein has been first reported in 2015 by Guo and Chen group from Wuhan University, Wuhan, Hubei, China (Cui *et al.*[@CR3]). The RNAi suppression activity of N-protein was determined using the reversal-of-silencing assay in HEK293T cells (figure [1](#Fig1){ref-type="fig"}A). The RNAi suppression activity has been demonstrated to be not limited to protein level but has also been exhibited by corresponding N-mRNA. Similar to 7a studies, they have also conducted replication enhancement assay (figure [1](#Fig1){ref-type="fig"}B) in insect cell line S1 with B2-deficient mutant (pRNA1-ΔB2) replication system, where the co-transfection of N-encoding plasmid resulted in partial rescue of the FHV RNA1 and RNA3, which was otherwise insignificantly detectable. The N-protein due to its RNA binding ability exhibits suppression activity both at Dicer-processing and post-Dicer stages, as the positively charged residues Lys 258 and Lys 262 of SARS-CoV N-protein are critical for the RNAi repression activity. The C-terminal domain of N-protein of SARS-CoV-2 has the basic region between residues 248 to 280 that forms a positively charged groove with likely binding region for RNA (Chen *et al.*[@CR1]). Recently, in a letter to editor of *Science China Life Sciences* from Wuhan University, Zhou's group claimed the RNAi suppressor activity of N-protein of the pandemic strain of SARS-CoV-2 (Mu *et al.*[@CR14]), employing reversal of silencing assay. To evaluate the strength of SARS CoV N-protein as RNAi suppression activity vis-à-vis host RNAi defense, it will be interesting to compare the binding affinity towards viral RNA (the ds form) between viral N-protein and host Dicer complexed with its cognate RNA binding protein TRBP.

The RNA genome of SARS-CoV-2 is about 30K nt long and a genome of that large size might have the potential to encode multiple suppressors to reinforce its pathogenic character (figure [2](#Fig2){ref-type="fig"}). Although the RNAi-suppressor proteins do not have any general motif, a subset of these is characterized by repeats of GW (Glycine-Tryptophan) or WG motifs in their amino acid sequences. The proteins having such repeats often interact with AGO2 proteins and transport them in P-bodies, thus blocking the RISC functions. We searched for these motifs in the various ORFs of SARS-CoV-2 viral genome. Two ORFs stood out as the candidate proteins. The full RdRP of the virus or the 1ab ORF harbors three GW and two WG motifs. Similarly, the spike protein has also three GW repeats. Thus, these ORFs might serve as potential RNAi-suppressors; however, this conjecture needs to be experimentally validated.Figure 2Schematic representation of disease outcome with host defense mechanism RNAi and viral counter defense RNAi suppressors.

Can we downregulate the suppressors and force the virus to lose its steam? Judicious approaches by RNAi and CRISPR-Cas13a might give us the desired goal. Moreover, the virus upon entering the mammalian cells might change the endogenous siRNA profile of the host. The changed siRNAs are known as virus-activated siRNAs or va-siRNAs. Some of these siRNAs will be antiviral but some might still work as proviral. These proviral siRNAs and their host targets need to be identified so that these proviral va-siRNAs could be downregulated or their targets could be upregulated to make the cells tolerant of the infecting corona viruses.
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